Small interfering RNA duplexes containing 21 to 22 nucleotides mediate sequence-specific mRNA degradation, and inhibitory RNA (iRNA) for Sp1 mRNA was used in this study to investigate the role of this transcription factor on basal and hormone-induced growth and transactivation in MCF-7 and ZR-75 human breast cancer by guest on
INTRODUCTION
Sp1 is a member of the Sp and Krüppel-like family of transcription factors that bind GC and CACCC boxes to regulate gene expression (1) (2) (3) . Sp1 is widely expressed in multiple tissues (4) and targeted disruption of Sp1 in mice results in retarded development and embryolethality (5) . Sp1 interacts with GC-rich "Sp1 binding sites" in multiple promoters to regulate gene expression, and there are an increasing number of studies showing that Sp1 interacts with other nuclear proteins including promoter-bound transcription factors to attenuate tissue-specific expression of selected genes (1) (2) (3) . For example, Sp1 and NF-Y cooperatively interact to regulate multiple genes through NFY-GC-rich motifs and both proteins also physically interact (6) (7) (8) (9) (10) . Sp1 also binds estrogen receptor α (ERα) and other members of the nuclear receptor family of transcription factors (11) (12) (13) (14) (15) (16) (17) (18) (19) , and research in our laboratory has focused on the molecular mechanisms of the ligand-dependent activation of ERα/Sp1 in breast and endometrial cancer cell lines (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . Promoter analysis studies in breast cancer cells have identified GC-rich sites required for hormone activation of several genes including E2F1, DNA polymerase α, cyclin D1, insulin-like growth factor, growth factor binding 
Transfection of MCF-7 and ZR-75 Cells and Preparation of Nuclear Extracts.
Cells were cultured in 6-well plates in 2 ml DME/F12 medium supplemented with 5% were assayed for luciferase activity using luciferase assay reagent (Promega); β-galactosidase activity was measured using Tropix Galacto -Light Plus assay system (Tropix, Bedford, MA) in a Lumicount Micro-well plate reader (Packard Instrument Co.).
For nuclear extracts, cells were washed in PBS (2X), scraped in 1ml 1X lysis buffer, incubated at 4°C for 15 min and centrifuged at 14,000 x g for 1 min at 20°C. Cell pellets were initially washed in 1 ml of lysis buffer (3X), lysis buffer supplemented with 500 mM
KCl was then added to the cell pellet and incubated for 45 min at 4°C with frequent vortexing. Nuclei were pelleted by centrifugation at 14,000 x g for 1 min at 4°C, and aliquots of supernatant were stored at -80°C and used for Western blot analysis and gel shift assays.
Western
Immunoblot. Immunocytochemistry. MCF-7 cells were seeded in Lab-Tek Chamber Slides (Nalge Nunc International, Naperville, IL) at 100,000 cells/well in DME/F12 media supplemented with 5% FBS and after 14 h cells were transferred into serum free medium for 8-10 h. Cells were then transfected with iRNAs and after 36-44 h, the media chamber was detached and the remaining glass slides were washed in Dulbecco's PBS. After washing, the glass slides were fixed with cold (-20°C) methanol for 10 min, The results in Figure 4A summarize the effects of iLMN, iGL2 and iSp1 on luciferase activity in MCF-7 cells transfected with pSp1 3 and the iRNAs. iLMN did not significantly decrease activity, whereas iGL2 which is targeted to the luciferase mRNA and iSp1 both inhibited luciferase activity. In this study (Figs. 4A and 4B), there was a >60-77% decrease in basal activity in cells transfected with iSp1. Moreover, E2 induced luciferase activity in MCF-7 cells transfected with pSp1 3 as previously described (28) , and in cells cotransfected with iSp1, there was a >80% decrease in hormone-induced transactivation. Thus, iSp1 inhibited both basal and E2-induced luciferase activity in MCF-7 cells transfected with pSp1 3 . In contrast, hormone-induced transactivation in MCF-7 cells transfected with pERE 3 was not affected by cotransfection with iLMN or iSp1, whereas iGL2 decreased activity in cells treated with DMSO or E2 (Fig. 4C) .
Thus, iSp1 specifically blocks hormone-induced transactivation in cells transfected with pSp1 3 but not pERE 3 . This study has used the iRNA approach for investigating the role of Sp1 protein in the growth and hormone-responsiveness of MCF-7 human breast cancer cells.
Although Sp1 is important for basal transcription of genes involved in cell growth, expression of several cell cycle regulated genes such as dihydrofolate reductase, hypoxanthine/guanine phosphoribosyl transferase were unaffected in gd 8.5 day-old embryos (5). In contrast, transfection of GC-rich Sp1 oligonucleotide decoys into A549
human lung adenocarcinoma and U251 human glioblastoma cells blocked expression of several genes with GC-rich promoters and suppressed cell growth. This approach and others that target GC-rich sequences suggest that Sp1 protein may play an important role in cell growth (45, 46) ; however, these techniques lack specificity since multiple Sp family proteins bind GC-rich motifs that may influence the function of other DNA bound transcription factors. Research in this laboratory has identified E2-responsive GC-rich motifs in promoters of several genes involved in cell proliferation, and these include cyclin D1, thymidylate synthase, c-fos, E2F1, bcl2, and DNA polymerase α (20-31).
Several approaches were previously used to demonstrate the role of ERα/Sp1 as a transcription factor complex, and this study was designed to further investigate this nonclassical mechanism of estrogen action and its involvement in hormone-induced transactivation and cell proliferation. The results in Figures 1-3 clearly demonstrate that transfected iSp1 was highly effective for decreasing expression of Sp1 protein in nuclear extracts and not surprisingly, immunofluorescence studies indicate that Sp1 protein is barely detectable in transfected cells (Fig. 3) . The high efficiency of iSp1 for ablating Sp1 protein in transfected cells was observed in MCF-7 cells cotransfected with iSp1 and pSp1 3 , an E2-responsive GC-rich construct that serves as a surrogate for other GC-rich E2-responsive gene promoters (Fig. 4) . In these transfection studies, showing that cyclin D1 and other genes important for cell proliferation are regulated by ERα/Sp1 (21, 25, 26, 28, 29) . Future studies will use iRNAs to further investigate the role of Sp1, other Sp-like proteins and coregulatory factors on the growth of MCF-7 and other hormone-dependent cell lines and to identify key genes that are integral for these responses.
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